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Abstract
The risk of developing radiation-induced cancer and other noncancerous diseases of the lung is currently estimated

1 based on models that use epidemiological data from populations exposed either to relatively uniform. low-LET
radiation. or ii-em uranium miners exposed to radon and progeny. Both of these data sets are likely to be inappropriate
for predicting the risk of lung disease from inhalation of alpha-emitting radionuciides such as Pu and Am. _Ilte most

I recent respimton tract dosime~ and risk models have been published by ICRP and NCRP. .+lthough more
sophisticated than prior models. they may not be adequate in dealing with the complexities inherent in an exposure
regime ~~here nonuniform irradiation of a heterogeneous anatomic structure. the lung, is likely to be the ruie rather than

the exception. What is needed is a better experimental and theoretical basis for addressing the variabilities in spatial
and temporal dose and dose rate on the microscopic scale. and relating these dose metrics to the induction of lesions.
particularly at the microscopic scale. in the lung. These are the purposes of this project. The proposed collaboration
between scientists at the Branch 1 Center of Biophysics (FIB-1), O.zyorsk. Russia and the Loveiace Respiratory
Research Institute (LRRD. Albuquerque. NM will make use of a unique resource. A set of about 400 lung specimens
fixed in 10% formal in is available from FIB-1. These specimens were obtained from a population of workers at the
Mayak Production Association many of whom \vere exposed to significant quantities of Pu and other alpha-emittingL
radionuciides during their careers. In Phase I, scientists fkom LRRI will join with FIB-1 scientists to evaluate the work
and exposure history information. as well as clinicai and autopsy data. for the study subjects, and hvo lung specimens
will be idemified for analysis. Ideally, one subject will have been a smoker and the other a nonsmoker. The lung
specimens will be samoied using classical stereoiogical techniques. embedded in para~ln, sectioned at 5 ~m. and
exposed to liquid pho~ographic emulsion for alpha-particle autoradiography. Data will then be collected on the
distribution ofactivi~ m the sections together with morphomernc analysis of the anatomic lung structures in the lung,
and correlations \vill be made behveen the particle distributions and those structures. These data \vill allow a
prelimin~r e~aiuation of the degree of nonuniformity of alpha radiation dose within the lungs of these mvo subjects.
Assuming thar the resuits of the Phase I study are suitable. the Phase 11study will then proceed to evaluate the effect
of Pu lung burden or dose. and the effect of smoking on the microdistribution and spatial dose patterns from inhaled
Pu. Because the invemon of lung samples available in this study consists of those obtained at a minimum of 25 ~ears
aller the time period o~er \vhich the highest inhalation exposures likely occurred. the human data \vill be supplemented
with data obtained from experimental animals that inhaled Pu aerosols and \vere serially killed at early times after
exposure. Statistical anai}sis of these data will provide an improved experimental basis for designing risk models that
account for The \arious degrees of inhomogenei~’ of lung tissue irradiation from inhaled alpha-patticle-em itting
radionuclides. and ma> contribute to our understanding of the relationship between local irradiation and the induction
of focal lesions in the lung This oppormnity to improve our understanding of dose-response relationships in humans
is unique.
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~, Apprcach Cha!19es

.~saresuit ofdiscuss;ons \\iti Russimcoilakm(ors. tie follolving tiditions have been made totheorigind Phmel~udydesiq: I)athird lung
specimen chosen lo have a relatively low Pu lung content was added to the original two spectmens. which are to be a smoker and nonsmoker with high Pu
lung con~en~: 2)toacquaint Russimcolleagues \\ithappropnate stereologicti smpiing technlaues. Dr. K. Nikula LW. willWvelto FIB-l in January.
1999 ana demot-mrate the techniques using the three selected lung specimens: 3 ) to update our Russian colleagues. histotechnical expertise. Dr. O.
Zubkho\z. FIB-l pathologmwlllv isit LRRIin\larch. 1999 toieam sample preparanona ndautoradiograpnicm ethods. These changes canbe
lccommouated wnhmtheonginai Phasel progartr.

3. Per::rmance Variances, Accompilsr.ments, or ProDlems

Asaresui [o ftheLRR IvisittoFIB-1. lung tlssueptiaffin blocks rmdomly selected from t\\o\iav* wotiers were tmspofiedto L~. Thetissues were
re-embecded in standard pararlin bIocks. sectionedat5 ~m. and exposed to Kodak NTB-2 liqu]d photographic emulsion fortimesv~ing from 10t040
days. B&sedon resuits obtained from the 10-day exposures. it appears that the quaiity ofthetlssue !ixation and the degree oflunginflation areadequate to
allowus rovisudtie thelung wmcture adtoscore tieoccumencemd location of Pu -particle activity. Inthesmaii number ofslides examined to date.
both singietracksand Pu jt~. indicating thepresence of intact Pu particles were seen. Inone section containing intrapulmonary Iymphoid tissue, at
least 60 P~partlcles could be\lsualized. Dunngthis qumer. Dr. Nikulaattended thelntemaIlonal Socie~of Stereology, Amerim Stereology Course. a

shop for practicing stereo log]sts. and used the opportunity to ““finetune”’ our sampling destqn by soliciting input from the attending staff and
:ipmts. Asaresuit. \\emeconiident inourabiliN tosmplethe Russlm lung specimens according torobust stereological metitis, md expect to

‘%wtain au that w Ill allow us to quantitate the retention of Pu acnviry in the various lung compartments. and to estimate local radiation doses to those
compartments,

9. OpeE Items

10. S:s:us .As.sessmenc anti Forecasc

The Phastiproject ]s on schedule, Dr. Xikuia\\lll betraveling toOzersk dunngthe second \\eekin Jmu~toins~mct the Russlms in proper
stereo lo~:mi samolingtechmaue. andwiil returnto LRR1 wlththe paratll-rblocksfrorn the three selected Iunespeclmens. Autoradiography will then be
done m L.WI. Dr. Zubkho\ a N III be trmned. ano autoradlographic data will be collected and analyzed at LRRI.
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Protocol

of coordination of the progmam of research work on project DOE N 03 -98EH98032
“Improved dosimetry and risk assesanent for plutonium-induced lung disease using a

microoosimcrnc approach”.

The partiapants of the meeting held on September 2, 1998.
● From the ticrican side: Dr. R. Guilmcttc. scientific leader of the proj~ Dr. KJ.

NM @lOiO@t.

● From the Ruasiao side: Dr. S. Romaoov, FIB-1 director. scientific leader of the project:
Dr. A. Niphatov, pathologist; Dr. O. Zubkova, pathologist; Dr. N. Koshurnikova.
principal rcs=archcr at the epidenuology labonttory; Dr. N. SMnikova. cpidemtologist.

At the meeting a PTOPOaai for the project prepared by the American collabomtom was
discuasd Sotne comments WI= made. and the participants agreed to make some corrections
in the text of the document.
TIM parties have come to the mutual agreemextL that the principal purpose of the pilot project
]stod ctennine. whether or not it is feasible to use archival autopsy mattiais accumulated at
FIB- 1, for studying micrtxikoibution of plutoruum in the lung using histoautoradio~pny
method.

To achieve this principai purpose, [he Diu-ucshave outlined the follotwng stages of work:
1.

2.

3.

4.

5

t

Acouaintttnce with methods useo at FIE-I and LRRI for sampiirtg of the lung nssue and
~J;ti h.istoautoradiograms. and co-ordination of these methods. October-December,

Sampii.ttg of the lung tissue using coordinated method, and preparing paraffi embedded
mati. Jaxtq, 1999. This work will be conducted at FIB-1 with participation of an
American specialist.
Histoautoradiagrarns wiil be prepared at LRRI upon return hom FIB-1. January-
rebruary. 1998.
Russisn specialist will visit LRRI to participate in stereologic analysis of dcve}oped
hisc~atoradiograms. Spccialk will also prepare additional hisi~autotadio- of

separate matia.1 for teaching pumoses. This work will be conducted al LRRI with
paaticlpation of the Russmtn spec~alist. Febma@Uarch, 1999
Stereologic analysis may be continued at LRFU. Rest.dIs will be analyzed jointly. A
feasibility report and project summ~ wiii be prepared by ]zvestigators for DOE. May.
1999.
Joint analysis of the &la obtatned in the course of the prol<ct wiU be completed am? n
final repo~ on the pilot project prepared. The proposal for a Ionq-tenxt Joint prqec-.
(Pbasc 2) will also be prepared. July-Augum 1999.

The pties have come to the concision, that this pian is only relevant to the fulfillment of
tie Piiot pro]ect. If the pdot project is completed successh.llv. and it is decided that a iong-
term project IS possible, then it is intended that all the work on sampling, and preparation of
autoradiograms till be done at FIB-I; analysis will be conducted in parallel at FY33-1 and

LRIU. A special Iaboratow till be created at FIB-1 for conducnng tis work.

Scicnafic Icaders of the pro)cct:
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